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LONG WAVELENGTH LIMIT OF THE
CURRENT CONVECTIVE INSTABILITY

I. INTRODUCTION

The current convective iastability has recently been suggested as a
mechanism to generate density irregularities in the auroral ionosphere
(Ossakow and Chaturvedi, 1979; Wickrey et al., 1980; Chaturvedi and Ossakow,
1981; <Xeskinen and Ossakow, 1982; Xeskinen and Ossakow, 1983). These
irregularities can cause the scintillation phenomena observed by the DNA
Wideband satellite during periods of diffuse aurora (Fremouw et al., 1977;
Rino et al., 1978), and will be an important area of study of the DNA HILAT
satellite mission (Fremouw et al., 1983). The current convective instability
can DbYecome unstable Iin a plasma which supports a density gradient
(perpendicular to the ambient mnagnetic field) and a current which Zlows
parallel to the ambient 3 field; a situation which can occur in the diffuse
auroral zome.

The ianstability was ipitially studied to understand plasma disturbances
in laboratory experiments (Lehnert, 1958; Hoh and Lehnert, 1960; Kadomtsev and
Nedo;pasov, 1960) but has been wmore vigorously pursued lately in regard to
ionospheric disturbances. The linear theory of the mode is reasonably well
developed in the short wavelength limit (XL >> 1 where k is the wavenumber and
L is the scale length of the density gradient). Among the issues considered
thus far are the linear properties of the mode in the low altitude auroral 7
region (Ossakow and Chaturvedi, 1979; Vickrey ec al., 1980), the high altitude
auroral F region (Chaturvedi and Ossakow, 198l), and the auroral E region
(Chaturvedi and Ossakow, 198l); as well as studies of the influence of
electromagnetic effects (Chaturvedi and Ossakow, 198l), magnetic shear (Huba

and Ossakow, 1980), a warm electron beam (Chaturvedi and Ossakow, 1983),

Manuscript approved November 9, 1983,
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. velocity shear (Satyanarayana and Ossakow, 1983), and xinetic effects (2.g.,

1 finite ion Larmor radius effects, wave-particle resonances) (Gary, 1983) on
the instabilicty. A nonlinear theory of this instability has also been
. developed (Chaturvedi and Ossakow, 1979) and numerical simulations of the
Q\ instability have been performed (Xeskinen et al., 1980).

—

)

The purpose of this paper is to present analytical and numerical results

of the linear properties of the current convective iastability in the long

L
2 o
LR e R

wavelength regime (kL < 1). The mathematical analysis is similar to that of

"
.

the long wavelength limit of the ; x 3 instability (—Hubz; and Zalesak, 1983).
- ” -*' ' / )

We‘derivecﬁa relatively simple dispersion equation of the mode, and presents

- z
o,
.

v
s
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simple dispersion relations in both the ion coliisional and ion inertial

(A AN

.

regimes. These analytical results are compared to 2xact numerical resul:s.

ki - - . - -« 03
P } The organization of the paper Is as follows. i1 :=he next section we
\:::- 1/ &;:\ 4,.'.7"‘.:,\ ofﬁ d~.. 'l) “-1_ 'r'*--’* ¢ -
o derive—the differential equation describing the mode.  Ian- Section IIit-we
- 1 B N TR Shme 0¥
'. #—present- both analytical and numerical results. Finaliy, in Section IV we

. e 4_;‘*:- WSSy - )
o A —9ummarize our- findings and diseuss applications to the auroral ionosphere.
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II. DERIVATION OF MODE EQUATION

0y
a

x':, The plasma configuration and slab geometry used im the analysis are shown
N
\-l
'.::.' in Fiz. la. The ambient wmagnetic field 1is constant and in the =
bS]
L o

direction (§ = BO ez), the ambient current is constant and in the =
T..::: -~ .‘\
-:::-: direction (;T = JO ez) » and the density is inhomogeneous in the x direction 3
e (n = no(x)). A weakly collisional plasma is assumed such that v_, /2 << 1,
'.‘_"_, ven/ne K1, vie/ni << l,and vin/ni << 1 (F region approximation) where na =
’\j eBo/:nac is the cyclotron frequency of species a, Vg refers to electron-ion
A
j collisions, v to electron—-neutral collisions, v to ion—-elecctron
I{:h“ en ie
_’!_4‘" collisions, and vin to ion-neutral collisions. Furthermore, we assume
o
4._- 3 D 2 .
i that )enme <K vinmi in our analysis. Perturbed quantities are assumed to
Y-
- 2
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vary as §p = §p(x) exp ti(kyy + kzz - mt]j and it is assumed that mﬁzi L by

"4
e,

koi <1, and kz <K ky, where oy {s the mean ion Larmor radius. That is, we

consider low frequency, long wavelength, field-alizned perturbations. We also

k _5 << 1 where h q an fre h. We naeglect
assume <zxMrP < ere \MFP is the electron nae e patt eglec

temperature effects. Finally, we consider only electrostatic oscillations and

assume quasi-neutrality (ne = ni).

PO ~ LA

The fundamental equations used in the analyvsis are continuity, momentum

it
‘._‘.':._

ransfer, and charge conservation, in the neutral frame of reference:

O
1 a

. 3na

N

x e v-(nya) =0 by
[~

:"’. ,_E_fr.-.._l_ Y o W oo (7 o= &) 2
= ¢ a_ ‘v ¢ -e 2 0 e R AT ()
by dVi s ,

—=(z+= Tkt W

|| dE Ta 't TEe BBk T ety O 3
& fdr= V'[ﬂe(Yi -yil=0 ’ (4)

where a denotes species (e: electrons, 1i: ions) and other variables have

their usual meaning. YNote that we have aeglected electron inertia effects ia

LS
s

Eq. (2) but have retained ion inertia effects in Eq. (3). The equilibrium

:"‘54 J i

drifts are given by
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[ where we have chosen to work in the electron frame of reference in the =

-~

direction. Thus, the current is given by J = en Vd e, -
We now linearize Zgqs. (1)=(3) and take n = n. + dn, y& = E& + 3V ,

0 0

and £ = - 79 where ) is the perturbed electrostatic potential. Using Zgs. (2)

and (3) we find that

TN \ e e .Y ¥ Y BN < 4 5 L & o

- Q .
c e ¢
Sy; = -3 VL¢ hd ez + _— V“¢ ez (7
el
c = _—
. T 5 + s
: 5V, = Vl¢ xe +i 2 7,4 (8)
: which can be written as
!
. _ e n e o & Qe N
[ gt e O S S N~ L, 8 5 )
i °jé *3 ‘yp x 7 3° ey T3 U €22 e (9

8 g—da +¢°le_. (10)

=101 8 .-le +S (-
BLiky¢+ii¢]ex+B[kyi :

Yy Q

where @ = w - kzva + i“in and the prime indicates a derivative with respect to

X. We have neglected collisional effects on the electron motiomn perpendicular
to B and on the ion motion parallel to B. This is justified since we have

taken ven/ﬂe <K tB/Qi which is appropriate for auroral ionospheric conditions

-

in the F region.

St e WK% 0" THER N Ty Y YL,

We now substitute Zqs. (9) and (10) into Eq. (4) and obtain

2

PR '2( k:

(no¢ je== noiy\l s bl ;5 kzv 5a = 0. (11)
b4

We relate 8n and ) using the electron continuity equation and £iad that (from

Egs. (1) and (9)

R el = S PG00 PO LR PR PRSI L - O Sl Bl PSR BRI & TN AR
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§n = 3~ [n0¢ (nob, + ing Ty kzb] (12)

P

Finally, substutiting Eq. (l2) into Eq. (ll) we arrive at the mode equation

for the current convective instability

2
k® Q.9 & ¥ k V., Q
W - 1 25 z 1ie Zid! _zd"i BANE
(n0¢] ok, L+ 152 (1 - ) |é 5 = k" = 0 (13)
acyw Jei w

III. ANALYSIS OF MODE EQUATION
The bulk of linear analyses of the current convective instability have

3 : = s s 2
nade use of the local approximation. That is, it is assumed that kvLZ >>

2 =
k;Lz >> 1 where L = (3 2= no/ax} ] is the density gradiesnt scale leagth and &,

= 3/3x. With this assumption, one can neglect the first term on the L3S of

Eq. (13) and obtain a relatively simple dispersion equation

2

k™ Q.Q kv k @, V, n.~
L+1-2_1e (1-3‘1]-_2_1;_‘11.4,:0 (14)
2 ~ w k ~ w n
k> w v y o 0
vy el

which has been thoroughly analyzed (Chaturvedi and Ossakow, 198l). The heart
of the local approximation 1s that the wavelengths of the perturbations are
much smaller than the scale length of the density gradient. 1In this paper we
solve Eq. (l3) in the opposite 1limic, 1i.e., the wavelengths of the
perturbations are much larger than the scale length of the density gradient

(kL << 1).
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We consider a density profile with a single discontinuity ac x = 0 (see

Fig. 1b) given by
n x>0

n.(x) = (WS
g x <0

For x # O, no‘ = 0 and Eq. (13) reduces to

P 2 2
4 - ky I = 0 (16)
where
%2 2,9, K,V
U e = (1 - ) (17
k™ w v,
v el
the solution to Eq. (16) is taken to be
-ky?x kva
$(x) = 4 e ey (13)

Since the modes are assumed to be bounded as x » + » we note that

¢1e y x>0
$(x) = OES])

d.e x <O

where it 1is assumed that w >> szd (to be shown a posteriori).
We require that the tangential component of the electric fileld be
continuous at x = 0 (Hasegawa, 1971) which means that % is continuous at

x = 0. This 1is equivalent to requiring that the interface velocity and the

-
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fluid velocity perpendicular to the interface be equal (Chandresekhar, 1961), g
3l 6030 GV{ is continuous at the discontinuity. Thus, bl = ¢, in Eq. (19) so

that

x>0
(20)

y
¢Oe x <0

To obtain the dispersion equation we integrate Eq. (l13) across the

discontinuity at x = 0. Thus, we have

€ € 5 o kzvd Q.
s s IR = S =t s (21)
=< - ®

Siace % is continuous across the boundary at x = 0, it is found that Zq. {(21)

leads to

n, - n,,)¢0 (22 ;

where (1,2) indicate the region x > O (+e) and x < O (=), respectively.

Substituting Eq. (20) into Eq. (22) and letting e -~ 0 we find that

g — (23)

it I kzva i nl + n

Equation (23) is the dispersion equation which describes the long wavelength
modes of the current convective instability. From Eq. (23) we note

that m/kzva ~ 91/5 > 1 so that we can take

AR A N ] NGRS AT SRS /) ot NN S PR R R
e VL S R L B R SRk
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and @ = w + iv, .
in

A. Collisional Limit

We consider the collisional limit Wi >> w so that o = ivin in Z2gs. (23)

and (24). %We find that

Ql 1 nl -n
VR ! T Tn, + o (25)
i 1 2
7ith
.2 9 Q
27 ¢ %
Pafy a2t 2gl2 (26)
k; ey et

where the subscript a2 denotes nonlocal. Instability can occur for kzvd

(nl - nz)/(nl + nz) < 0.

It 1is interesting to compare the growth rate of the instability in the

long wavelength limit (kL << 1, i.e., nonlocal) to that of the short wave-

length limit (kL >> 1, i.e., local). Arsuming Vig >> w, we £ind from Eq. (14)

that the short wavelength growth rate (local growth rate Yl) is given by

2
s - iz__ﬁi ii. (1 + .k_z..._..ni _.Qe ]-l (27)
T2 k v, L L T B =
y “'in ‘y in "ei

- -~ ) )
where L = (n."/a) b Defining an effective wavenumber k = (k. + k_
0 " "0’max y &

(Qeﬂi/vinvei)]llz we can rewrite Eq. (25) in terms of Eq. (27), i.e.,

9 — 2
(nl n, + n, YZ (28)




T T T,
(LU s i e T e )

For nj >> 2, we have the simple relation Ynl = kL v

1 so that (1) L is

proportional to the "wavenumber” k and (2) Y << Y, since we have assumed kL ]

ni
<< 1.
We now compare the analytical expressions derived for the growth rates

(Eqs. (25) and (27)) with the numerical solution of Eq. (l3). We choose a

density profile given by

1 + ¢ tanh(x/a)

a(x) = n, T = (29)
so that
> |
A 1, . séch (x/a) (309
a al + = tanh(x/3a)

We take ¢ = 0.8 so that n”/n is a anaximum at x/a = - 0.53. We f£ind then that
(n"/a),¢ = (1/2) so that L = a in Eqs. (27)~(30).
We consider the following physical parameters for the comparison of

-4 -4
, vin/ﬂi 10  and kz/ky =

analytical and numerical results: vei/ﬂe = 10
LORT (Rino et al., 1978; Ossakow and Chaturvedi, 1979). Ve also consider the
normalization w = wlL/V&I where it 1is assumed that L/Va < 0 so that v > 0. We

find then that the analytical expression for the growth rate is

o 0.50 kL >> 1

" (3L
0.56 kyL KL << 1

We solve Eq. (13) numerically for the density profile given by Za. (29)
and the parameters described above. In Fig. (2) we plot vy vs. k,L. The
numerical solution is plotted in the regime 0.1 < k,L < 10.0 and is labelled

“exact”, As is evident, the numerical solution asymptotes to the analvtical

g -
o e ats

n®e
o B Dy
I8, LW IR NE PR AR, RN




expression (Eq. (31)) 1iam both the short wavelength (XL >> 1) and long

wavelength (k << 1) limits. Thus, Egqs. (25) and (27) provide good estimates

of the current convective 1instability in the long wavelength and short

wavelength limits, respectively.

B. 1Inertial Limit

We now consider the ion inertial limit given bv w >> Vig SO that

w = w in Eqs. (23) and (24). The dispersion equation is

2
k™ Q. Q n, =0
2 1 )
w” (l + i —;I—l\—,e—')-/z = szin a—l+—:1-: (32)
ko9 Vet )

We obtain a simple expression for the growth rate by assuming that rn/S'Zi <KL

2
5

{ *

.\'_{

/% ;i). In this limit Zq. (32) becomes

:(Qe/v

[Ny

v n -1
33_.,2”‘ el 2\2
w 1k V32, 7 (nl o) (33)

Again, we consider the normalization w = wlL/V&l and take L/Va < 0. We find

that

v Q,L n, - n
) ei "17V1/3,, 2/3,°1 2:2/3
Tag © (Q Va ) (‘yL)L (n R0 )

il 2

In this 1limit it is interesting to note that ¥y scales as (kyL)z/3 and is
independent of kz/ky.
We contrast Eq. (34) to the growth rate in the short wavelength limit (kL

>> 1). From Eq. (l4) we find that

2 SR
; --Liz_gilﬁ f1-f1+a|fd_.| kyie__)l/Zl (35)
2 2 23 Ve 'L IR, 9 4 ;
k ei A5 6
o z e
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¥ ky vei
Yo =i o (36)
z e

Following Chaturvedi and Ossakow (198l) we maximize Yy with respect to kz/kv

and find that the maximum local growth rate (Ylm) in the inertial limit is

v L2
~ ei iy1/3
Yom (f —wd) (37)

e can express the long wavelength growth rate in terms of the maximum short

wavelength growth rate to obtain

& s g 9/3

Yoo aYzm[ayL 5, * A, (38)

where a is a numerical factor of order unity. Thus, for 3] > ny, we find

3 .

that Teig. > (kyL)2 , 1n contrast to the collisional limit in

im

which Ynz scales as kyL.
We now compare the analytical expressions for the growth rate with

numerical results based upon Eq. (13). We choose the same density profile as

-4

?

in the collisional case (Eq. (29) with ¢ = 0.8), and take vei/ne = 10

)’ 1 - =4 \ - = 4
‘z/‘y 10r-—s )in/ni 0, and lLQi/Val 10°. For these parameters, the
assumption that led to Eq. (36) is not satisfied and the analytical expression

for Yy given by Eq. (35) must be used. The analytical growth rate is given by

0.62 kL>1
y

Y = (39)

0.86(k L) ki« 1
y y

&

Ca )
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e .
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The results of the comparison are shown in Fig. 3 where we plot vy vs. kyL.
The growth rate ; given by Eq. (39) is plotted as shown on Fig. (3) and the
numerical results are labelled “exact.” Again, excellent agreement is found
between the analytical and numerical results in both the short wavelength and

long wavelength limits.

IV. DISCUSSION

We have presented an analysis of the current convective instability in
the long wavelength limit (kL << 1). The principal result of the paper is rthe
derivation of a relatively simple dispersion equation which describes the
instability in the long wavelength limit (Eq. (22)). This equation is solved

analytically in two limits: collisional (v:n > w} and inertial

{vin <K m). We £ind that in the collisicnal limit the growth rate scalas as

k, while in the inertial limit it scales as k2/3. We have also presented a

comparison of the analytical results with numerical results and have found
very good agreement.

We now discuss the application of these results to the auroral
ionosphere. Chaturvedi and Ossakow (1981) have discussed the relevance of the
short wavelength (or local) current convective instability to both the 1low
altitude (~ 400 km) auroral F region (collisional 1limit) and to the high

altitude (~ 1000 km) auroral F region (inertial limit). For the low altitude

F region they £ind that Yo ™ 3 10-3 sec-l, for Vg ~ 500

2 -1 =2 -1
m/sec, Vet © 5 x 10° seec , L 5x10 " sec ", L~ 50 km and a,/m; ~ .
3 L ]

Ix 10-5; for the high altitude F region they also find that Yz ~3x 10

set:—1 but for Ya * 30 sec-l, Vin < 10-3 set:—1 and other parameters the same
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as the low altitude F region. From our analysis we would predict that the
long wavelength modes (kL < 1) would have auch longer growth
times (1/y), particularly in the low altitude F region.

There is a difficulty in applying the long wavelength results to the
auroral T region for 1large density scale 1lengths (L ~ 50 km). The
perpendicular wavelengths associated with the long wavelength modes are such
that le < 1 which 1leads to XL > 2r L ~ 300 km. However, the perpendicular
spatial scale size of observed auroral 7 region density enhancements, which
can provide the zeroth order density gradients to drive the imnstability, can
be of this magnitude (few hundred kms) (Vickrev et al., 1980; Tsunoda and
Vickrey, 1983) so that it is difficult to satisfy the condition le <1l. On
the other hand, much smaller scale sizes of auroral structure occur dJduring
discrete aurora. Discrete aurora appear to have two distinct scale sizes.
One is tens of kilometers and is associated with inverted V precipitation.
The other is of the order of a kilometer and is associated with discrete
auroral arc elements (Davis, 1978). The auroral arc elements appear to be
imbedded in the larger inverted V structure. Thus, application of our theory
to structure 1in discrete auroral arc elements leads to perpendicular

wavelengths A few kms which can satisfy the requirement k L < 1.

1l <
Finally, several aspects of the present theory of the current convective

instability deserve comment. First, the parallel wavelengths of the
irregularities are much larger than the perpendicular wavelengths. For
typical parameters we find that ku/kl T so that A, ~ 10A A The
instability in the long wavelength 1limit can then produce parallel wave
structufes kn 2 10A km which is larger than the parallel system size. Thus,
it 1is important to develop an appropriate theory to consider the finite

parallel extent of the auroral ionosphere (e.g., Sperling (1983)). Second,

13
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electromagnetic effects also need to be considered in a wmore detailed

T ae

v
cal
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PRES Rk

theory. Chaturvedi and Ossakow (1981) investigated these erffects on the local

0
s
sta

34 theory of the current convective instability and found them to bhe
|~‘..

Q; neglizibhle. However, the electromagnetic corrections are proportional
.

k- 2 p 02 1

o to mpe/c k™ and may become large in the long wavelength limit since %L < 1,

We are presently investigating both of the above mentioned effects.
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01CY ATTN MNNL 01CY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJICT DIV

ol COMMANDER
ROME AIR DEVELOPMENT CINTER, AFSC
AANSCOM AFB, MA 01731
01CY ATTN EEP A. LORENTZEN

SANDIA LABORATORIES

LIVERMORE LABORATORY

P.0. BOX 969

LIVERMORE, CA 94550
01CY ATTY DOC CON FOR 3. MURPHEY
01CY ATTN DOC CON FOR T. COOK

DEPARTMENT OF ENERCY
LI3RARY ROCM G042
WASHINCTON, D.C. 20545

01CY ATTY DOC COM FOR A. OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545 "

QlCY ATTN DOC CON DR. YO SONG

LABOWITZ
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OTHER GOVERNMENT

DEPARTMENT OF COMMERCEZ
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234
01CY (ALL CORRES: ATTN SEC OFFICER FOR)

INSTITIY "R TELECCM SCIENCES
NATTONAL LECOMMUNICATIONS & INFO ADMIN
BOULDER, CO 80303
01CY ATIN A. JEAN (UNCLASS ONLY)
0lCY ATTN W. UTLAUT
01CY ATTN D. CROMBIZ
01CT ATTN L. BERRY

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCA LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

0lCY ATIN R. GRUBB

01CY ATTN AERONOMY LAB G. REID

DEPARTMENT CF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. 80X 92957

LOS ANGELZIS, CA 20009
O1CT ATTY I. GARFUNKEL
OLCY ATTN T. SALMI
01CY ATTY Y. JCSEPHSON
01CY ATIN S. 30WER
01CY ATTN D. OLSEN

ANALYTICAL SYSTEMS EINGINEERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 013803

O01CY ATTN RADIO SCIENCES

AUSTIN RESEARCH ASSOC., INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78758

01CY ATIN L. SLOAN

01CY ATIN¥ . THOMPSON

3ERKELEY RESEARCH ASSOCIATZS, INC.
P.0. 30X 983
BERKELZY, CA 94701

01CY ATIN J. WORKMAN

01CY ATTY C. PRETTIE

01CT ATTIN S. 3RECHT

BOEING COMPANY, THE

P.0. 30X 3707

SEATTLE, WA 98124
01CY ATTN G. KEISTER
OICY ATTY D. MURRAY
01CY ATTN G. HALL
0LCY ATTN J. KENWEY

CHARLZS STARK DRAPER LABORATORY, INC.
555 TECHNOLOGY SQUARE
CAMBRIDGE, MA 02139

OlCY ATTIN D.3. COX

0lCY ATIN J.P. GILMORE

CCMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBORG, MD 20734
01CY ATTIN G. ZYDE

CORNELL UNITVERSITY
DEPARTMENT OF ZLECTRICAL EINGINEERING
ITHACA, NY 14850

0l1CY ATIN D.T. PARLZY, CR.

ELECTROSZACE SYSTIMS, INC.
30X 1359
RICHARDSON, TX 73030
01CY ATTY #. LOGSTON
01C7 ATTM SECURITY (PAUL PHILLI?S)

£08 TECINOLQGIEZS, IMC.

506 Wilshire 31lvd.

Santa Monica, Calif 90401
O1CY ATIN C.B. GABBARD

2sL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATIN J. ROBERTS
O0ICY ATTN JAMES MARSHALL

GENERAL ZLECTRIC COMPANY
SPACT DIVISION
VALLEY FORGE SPACE CENTER
GCODDARD BLYD XING OF PRUSSIA
?.0. BOX 8555
PYILADELPHIA, 2A 19101
01CY ATTH M.d. BORTNER SPACE SCI La3

GENERAL ELECTRIC COMPANY

P.0. 30X 1122

SYRACUSE, NY 13201
01CY ATTN F. REIBERT
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GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES
CQURT STREET
SYRACUSZ, NY 13201
01CY ATIN G. MILIMAN

GECPHYSICAL INSTITUTE

UNIVERSITY OF ALASKA

FAIRBANKS, AR 99701
(ALL CLASS ATTN: SECURITY OFFICER)
OLCY ATTN T.N. DAVIS (UNCLASS ONLY)
O01CY ATTN TECHNICAL LIBRARY
01CY ATIN NEAL BSROWN (UNCLASS ONLY)

GTE SYLVANTIA, INC.
ELECTRONICS SYSTIMS GRP-EASTERN DIV
77 A STREET
NEEDHAM, MA 02194
01CY ATTN DICK STELNROF

gSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 31730
01CY ATTY DONALD HANSEN

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

150 DAVENPORT d0USZ

CHAMPAICN, IL 51820
(ALL CORRES ATTN DAN MCCLELLAND)
O1CY ATTYN XK. YEH

INSTITUTE FOR DEFENSE ANALYSES
1801 NO. SEAUREGARD STREET
ALEXANDRIA, VA - 22311
01CY ATTN J.M. AEIN
OLCY ATTY ERNEST SAUER
OLCY ATTY HANS WOLFARD
OICY ATTN JOEL BENGSTON

INTL TEL & TSLECRAPH CORPORATION
500 WASRINGTON AVENUE

LEY, N¥J 07110

01CY ATTN TECHNICAL LIBRARY

JAYCOR
11011 TORREYANA ROAD
P.0. 30X 85154
SAN DIEGO, CA 92138
O1CY ATIN J.L. SPERLING

JOHNS HOPXINS UNIVERSITY
APPLIED 24YSICS LABORATORY
JOANS HOPKINS R0AD
LAUREL, MD 20810
QLCY ATTN DOCUMENT L1BRARIAN
OLCY ATTN THOMAS POTEMRA
Ol1CY ATTN JOHN DASSOULAS

RAMAN SCIENCZS CORP

P.0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTIN T. MEAGHER

KAMAN TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.0 DRAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN DASIAC

O1CT ATTN WARREN S. XNAPP

01CY ATTN WILLIAM MCNAMARA

01CY ATIN B. GAMBILL

LINKABIT CORP

10453 ROSELLZ

SAN DIECO, CA 92121
01CY ATTN IRWIN JACOBS

LOCKHEED MISSILES & SPACE CO., INC
P.0. 30X 504
SONNYVALZ, CA 94088

01CY ATTN DEPT 60-12

0l1CY ATTN D.R. CHURCAILL

LOCTHEED MISSILES & SPACZ C0., INC.
3251 HANOVER STREET
PALO ALTO, CA 94304
OLCY ATTN MARTIN WALT DEPT $2-12
01CY ATTY W.L. IMHOFP DEPT 52-12
01CY ATTY RICHARD G. JOHNSON DEPT 52-12
O1CY ATTN J.B. CLADIS DEPT 52~-12

MARTIN MARIETTA CORP )
ORLANDO DIVISION
?.0. 30X 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

M.I.T. LINCOLN LABORATORY

P.0. 30X 73

LEXINGTON, MA 02173
01CY ATTIN DAVID M. TOWLE
O1CY ATTN L. LOUCHLIN
01CY ATTN D. CLARK
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MCDONNEL DOUGLAS CORPORATION PENNSYLVANTA STATZ UNIVERSITY
x 5301 30LSA AVENUE IONGSPHERE RESEARCH LAB
FUNTINGTON 3EACH, CA 92647 318 ELECTRICAL INGINEERING ZAST
L 01CY ATTN N. FARRIS UNIVERSITY PARK, PA 16802
2 01CY ATTN J. MOULZ (NO CLASS TO THIS ADDRESS)
i 01CY ATTY GECRGZ “ROZ O1CY ATTN IONOSPHERIC XESEARCE 143
.- 01CY ATTN 4. OLSON
i - 01CY ATTN R.4. BALPRIN PHOTOMETRICS, INC.
o O1CY ATTY TECHNICAL LIBRARY SERVICES 4 ARROW DRIVE
WOBURN, MA Ol18OL
i MISSION RESEARCY CORPORATION 01CY ATTN IAVING L. RCFSXY
S 735 STATE STREET
S SANTA BARBARA, CA 93101 PHYSICAL DYNAMICS, INC.
© OlCY ATTN P. FISCEER P.0. BOX 3027
i 01CY ATTY W.F7. CREVIER BELLEVUE, WA 98009
-, 01CY ATTN STEVEY L. GUTSCIE 01CY ATTY Z.J. FREMOUW
01CY ATTN 3. BOGUSCH
01CY ATTN R. HENDRICX PEYSICAL DYNAMICS, INC.
- OLCY ATTY RALPH XILB . P.0. 30X 10367
< 01CY ATTN DAVE SOWLE OAKLAND, CA 94610
. 01CY ATTN 7. FAJEN ATTN A. THOMSON
01CY ATTY M. SCHEIBE
s O1CY ATTN CONRAD L. LONGMIRE 2 & D ASSOCIATES
& 01CY ATTN 3. WHITE P.0. 30X 9695
& MARINA DEL REY, CA 90291
el MISSION RESEARCH CORP. 01C7 ATTY FORREST GILMORE
< 1720 RANDOLPH R0AD, S.Z. 01CY ATTN WILLIAM 3. WRIGHT, -R.
- ALBUQUERQUE, Y¥EW MEXICO 37106 01CT ATTN ROBERT 7. LELITIER
30 01C? R. STZLLINGWERF 01CY ATTN WILLIAM J. ZARZAS
Ty 01C7 M. ALME 01CY ATTN H. ORY
- 01C7 L. WRICHT O1CY ATTN C. MACDONALD
Y 01CY ATTN R. TURCO
- MITRE CORPORATION, THE 01CY ATTY L. DeRAND
{ ?.0. 30X 208 OLCY ATTN W. TSAL
: 3EDFORD, MA 01730
= 01CY ATTY JOHN MORGANSTERN RAND CORPORATION, THE
OlCY ATTY C. HARDING 1700 MAIN STREET
1 _01CY ATTY C.Z. CALLAHAN SANTA MONICA, CA 90406
- 01CY ATTY CULLEN CRALY
MITRE CORP 01CY ATTY ED BEDROZIAN
L WESTGATE RESEARCA PARK
1820 DOLLY MADISON 3LWD RAYTHEON CO.
-~ MCLEAN, VA 22101 528 BOSTON POST ROAD
AN 01CY ATTY W. HALL SUDBURY, MA 01776
& 01CY ATTN W. FOSTER 01CY ATTN 3ARBARA ADAMS
F PACIFIC-SIERRA RESEARCH CORP RIVERSIDE RESEARCA INSTITUTE
- 12340 SANTA MONICA 3LVD. 330 WEST 42nd STREET
e LOS ANGZLES, CA 90025 NEW YORK, NY 10036
01CY ATTY E.C. FIELD, JR. 01CY ATTIN VINCE TRAPANI
q
{ '.;
i
@
-
!"'
) 29




SN

hY

.
)
.
“
.

AN
A AR A R
0 /..l o

S

L ]
SO O U

x
el

A

N e
Do Rpsrasl 8 oo GS . . .
et e s s Nt b atat atataltalinietlinas

i e R - A SO S T G IO S aA A S !

SCIENCE APPLICATIONS, INC. TRW DEFENSE § SPACE SYS GROUP

1150 PROSPECT PLAZA ONE SPACE PARK

LA JOoLLa, CA 92037 REDONDO 3EACH, CA 90278
01CY ATTIN LIVIS M. LINSON 01CY ATTY R. X. PLEBCCH
Ol1CY ATTY DANIEZL A. HAMLIN 01CY ATTN S. ALTSCHULER
OLCY ATTN E. FRIZMAN 01CY ATTY D. DEE
01CY ATTY Z.A. STRAKER 01CY ATTN D/ STOCRWELL
01CY ATTN CURTIS A. SMITR SNTT/1575
01CY ATTN JACX MCDOUGALL :

VISIDINE

SCIENCZ APPLICATIONS, INC SOUTH 3EDFORD STREET

1710 GOODRIDGE DR. BURLINGTON, MASS 01803

MCLEAN, YA 22102 OLCY ATTY W. REIDY
ATIN: J. CCCRAYNE 01CY ATTN J. CARPENTER

01CY ATTN C. QUMPHREY
SRI INTERNATIONAL
332 RATVENSWOOD AVENUE
MENLO PARK, CA 94025
01CY ATTY DONALD NEILSON
01CZT ATTN ALAN BURNS
QlCY ATTY G. SMITH
01CY ATTN R. TSUNODA
0lCY ATTN DAVID A. JOHNSON
01CY ATTYN WALTER G. CHESNUT
01CY ATTY CHARLEIS L. RINO
01C7 ATTN WALIER JAYE
01CY ATTY J. VICEREY
01CY ATTY RAY L. LZADA3RAND
01CY ATTY G. CARPENTER
01CY ATTY G. 2RICZ
01CYT ATTY . LIVINGSTON
01CY ATTY V. GONZALES
01CY ATTN D. MCDANIEL

P ——

TECINOLOGY INTERNATIONAL CORP
75 JIGGINS AVENUE 4
BEDFORD, MA 01730

01CY ATIN W.2. BOQUIST

TOYON RESEARCH CO.

01CY ATTN JOHN ISE, JR.

P.0. 3ox 6890
SANTA 3ARBARA, CA 93111
0l1CY ATTN JOEL GARBARINO
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ICNOSPHERIC MODELING DISTRI3UTICN LIST
(UNCLASSIFIED ONLY)

PLZASE DISTRIBUTE ONE COPY TO EACE OF THEZ FOLLOWING PECPLI (UNLISS OTHERWISE

NOTED)

NAVAL RESZARCH LASORATORY
WASHINGTON, D.C. 20375
Dr. P. MANGE - CODE 4101
Dr. 2. GCODMAN - CODE 4130

A.F. GEOPHYSICS LABORATORY

L.G. BANSCCM FIELD

BEDFORD, MA 01730
DR. T. ELXIXS
DR. W. SWIDER
MRS. R. SAGALYY
DR. J.M. FORBES
DR. T.J. XENESHEA
DR. W. BOURKE
DR. R. CARLSOY
DR. J. JASPERSZ

30STOM UNIVERSITY
DEPARTMENT CF AST20NCMY
BOSTCN, YA 02213

DR. J. AARONS

CORNELL UNIVERSIIY

ITHACA, NY 14850
DR. W.E. SWARTZ
DR. D. FARLEY
DR. M. KELLEY

HARVARD UNIVERSITY

HARVARD SQUARE

CAMBRIDCE, MA 02123
DR. M.B. MecELROY
DR. R. LINDZZIY

INSTITUTE FOR DEFENSE ANALYSIS
400 ARMY/NAVY DRIVE
ARLINGTOM, VA 22202

DR. . BAUER

MASSACHUSETTS INSTITUTI 9F
TECHNOLOCY

PLASHA FUSION CENTER

LIBRARY, Mil6~262

CAMBRIDCE, A 02139

HASA
GODDARD S2ACE FLIGAT CENTER
GREENBELT, MD 20771

DR. X. MAEDA

DR. S. CURTI

DR. M. DUBIX

DR. ¥. MAMMARD - CODE 596

COUANDER

NAVAL AIR SYSTIMS COMMAND

DERARTMENT OF THE NAVY

WASHINGTON, D.C. 20360
DR. T. CIUBA

COMMANDER
NAVAL OCEAN SYSTIXS CENTZR
SAN DIEGO, CA 92152

¥R. R. ROSE - CIDE 5321

NoAA
DIECTOR OF SPACI AND
ENVIROMMENTAL LABORATORY
BOULDER, CJ 30302
DR. A. CLENN JEAN
DR. G.Wd. ADAMS
DR. D.. ANDERSOX
DR. X. DAVIEZS
DR« R.Z. DONNELLY

OFFICZ OF HAVAL RESEARCH
800 NORTH QUINCY STREZT
ARLINGTON, VA 22217

DR. G. JOINER

PEUNSYLVANTIA STATI UNIVIRSITY
UNIVERSITY PARK, PA 16802

DR. J.S. WIS3ET

DR. P.2. ROURDBAUCH

DR. L.A. CARPEUTER

OR. M. LEE

DR. R. DIVANY

DR. ?. 3ENNETT

DR. F. XLEVANS

SCIENCEZ APPLICATICNHS, INC.
1150 PROSPECT PLAZA
LA JOLLA, CA 92037

DR. D.A. NAMLIY

DR. E. PRIEMAN
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STANFORD UNIVERSITY
STANFORD, CA 94305
DR. P.M. BANKS

U.S. ARMY A3ERLEZI RISTARCH
AND JEVELOPMENT CZMNTZR
BALLISTIC RESZARCH LAZORATORY
ABERDZIZN, MD
DR. J. HEIMERL

GEOPHYSICAL INSTITUTE

UNIVERSITY OF ALASEA

FAIRBANKS, AK 99701
DR. L.Z. LEE

UNIVERSITY OF CALITORNIA,
BERKELEY

BEXELZY, CA 947210
DR. M. HUDSON

UNIVERSITY OF CALIFORNTIA
LOS ALAMOS SCIENTIFIC Zai202ATORY
J-~10, 4S~664
LOS ALANMOS, M 37343
DR. Y. P0NGRAIZ
DR. D. SIMON
DR. G. 3ARASCH
DR. L. DWUICAL
OR. 2. 3IRUHARDT
DR. S.2. GARY

CUIVERSITY OF MARYLAND

COLLZIGE 2ARK, D 20740
DR. X. 2APADOPCULZS
DR. E. 0TI7T

JOHNS HOPKISNS UNIVERSITY
APPLIED PHYSICS LABORATCIY
JOHNS HOPXINS ROAD
LAUREL, MD 20810

DR. 2. GREENWALD

DR. C. MEXNG

UNIVERSITY OF 2ITTS3L2%d
PITTS3URGH, PA 15215

DR. N. ZABUSKY

DR. 4. 3I0NDT

DR. E. OVERMAN

UNLVERSITY OF TEXAS

AT DALLAS
CINTER FOR RESEARCHE SCIZINCES
P.0. BOX 583 -

RICZARDSON, TX 75080
DR. R. HESLIS
DR. W. ZANSON
DR. J.P. MeCLURE

UTAH STATE UNIVERSITY
ATH AND 8TX STREEIS
LOGAN, UTAH 84322

DR. R. HARRIS

DR. XK. BAKER

DR. R. SCHUNK

DR. J. ST.=MAURICE

PRYSICAL RESEARCT LABORATORY
PLASMA PHYSICS PROGRANE
ARMEDABAD 380 009
INDIA

?.J. PATHAK, LIBRARIAN

LABORATORY TOR PLASMA AMND
FUSION SNERGY STUDIZS
ONIVERSITY OF MARYLAND
COLLEGE P4RX, MD 20742
JHAN VARYAN HELLMAN,
REFEIENCE LISRARIALY
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